In an attempt to cover up the unappealing taste of the freshwater thin-lipped grey mullet (Liza ramada) and to produce a convenient agro-food product, cold smoking was applied to fish fillets followed by vacuum packaging. Based on biochemical, microbiological, and sensorial analysis, several indices were used to monitor the product quality over 60 days of refrigerated storage at 2 ±1°C. A different pattern of amine changes occurred following salting and smoking. Except for (his) and (spm); all others amines including cadaverine increased in cold smoked fillets throughout storage. The indices of atherogenicity (IA) and of thrombogenicity (IT) with values of 1.68 and 1.67 respectively, did not show a significant change during storage suggesting a stability of the fatty acids profile. However microbiological analysis limited the shelf life of thin-lipped grey mullet fillets up to 30 days of refrigerated storage. Increase of the microbial load was accompanied by a concomitant and significant (P < 0.05) rise of trimethylamine (TMA-N); volatile basic nitrogen (TVB-N) and change in sarcoplasmic and myofibrillar protein profiles in smoked fish fillet. The Ki and G values calculated from ATP-related compounds showed different pattern of change. Analysis of polycyclic aromatic hydrocarbons (PAHs) of fresh and smoked fillets showed undetectable level of benzo(a)pyrene (BaP) and the sum of PAHs (2.45 ng g −1 ) was far lower than the limit of acceptability. Data submitted to principal component analysis (PCA) showed that cold smoking process was positively correlated with results of TVB-N, TMA-N and HPX.
(Liza ramada) was dry-salted, cold smoked and then vacuum packed in order to produce a new agro-food product. The objectives are multiples, (i) to assess the effect of such procedure on chemical, microbial and sensory characteristics of smoked vacuum packed fillets during 60 days of refrigerated storage (ii) to establish the nutritional value and shelf life of such product (iii) and to valorise the underutilised fresh water fish by producing an added value product which will be of benefit to small enterprise in emerging countries such as Tunisia. Multiple indices were used and synthetically analysed to produce a practical evaluation of the fish quality.
II.
Materials and methods
Fish sample
The Thin-lipped grey mullet (Liza ramada) used in this study were caught in summer (August) from "Wed Abid" freshwater reservoir, North of Tunisia. Following capture, the mullets (10 kg) were immediately ice-stored in boxes and delivered to the laboratory. The fishes were subsequently gutted, washed, headed and filleted. A first tissue sampling was performed on the different fresh fishes fillets (n = 6), and samples were immediately stored at -80°C for subsequent analysis in order to establish the initial biochemical statute of the freshwater fish.
Smoking procedure
In the seafood processing enterprise, the fish used for cold smoking were filleted by hand and were then dry-salted on grids for 45 min using refined NaCl, when the dry salting was completed; the excess salt was removed by careful rinsing with cold water. A second tissue sampling was performed by taking part of tissue from different salted fishes fillets (n = 6), and samples were immediately frozen at -80°C as above mentioned. The fillets were then smoked for 3 h at 22-23°C using a Raucher FV.V2 HEIZUNG smoking cabinet. After cooling to 2°C within 15 h, a third tissue sampling was also realised (n= 6 different fillets). The smoked fillets were then vacuum-packed using a "Multivac" model and finally stored at 2 ± 1°C for 60 days. Tissue sampling was performed on days 1, 15, 30, 45 and 60.
Proximate composition
Moisture was determined according to the AOAC method (1990) [13] , by drying 1 g of tissue in an oven at 105° C (n ¼ 4). Ash content was determined by heating for 12 h in an oven at 525° C according to the AOAC method [14] , results were expressed as g ash/kg dry weight bases. Total lipids were extracted according to the method of Folch, Lees, & Stanley, (1957) [15] . by chloroform/methanol (2/1). The aliquot of chloroform layer was evaporated to dryness under nitrogen and the lipids were quantified gravimetrically. For protein assay and sample preparation; 0.45 g of ground fish meat (n = 3) were weighed to which were added 9 ml of ultrapure water, followed by a homogenisation step. 100 µl of the homogenate is diluted with 900 µl of ultrapure water, and then 250 µl of the sample was taken for subsequent protein analysis according to the modified method of Lowry [16] .
Sensory evaluation
Sensory evaluation for smoked mullet fillets was performed using quantitative affective tests as described by Lawless and Heymann (1998) with some modifications [17] . The consumer experiment consisted in product information test. The attributes of the smoked product were evaluated by the institute staff and students (n = 100). The fillets were scored for flavor, odour, texture, juiciness and saltiness attributes using a four-point hedonic scale (4 to 1). The assessors evaluated smoked product for 16 properties including 4 flavor attributes (smoked flavor, neutral, sour taste, rancid), 4 odour attributes (smoke, sour, no odour and rancid), 4 texture attributes (pasty, soft, fatty and crunchy), 4 juiciness attributes (Strong, regular juiciness, low and very low) and 4 saltiness attributes (salty, moderately salted, slightly salty and very slightly salty).
Microbiological analyses
Microbiological counts were made (triplicate) on fresh fillets, salted fillets and smoked fillets after 1day, 30 days, 60 days of storage. Ten grams of sample were taken aseptically into a sterile blender containing sterile ringer solution and blended for 2 min at low speed. Volumes of 0.1 ml of decimal dilutions of these homogenates were incubated in the culture of Plate Count Agar (Biokar Diagnostics, Beauvais, France). Mesophil counts were determined after incubation for 48 h at 30 °C and psychrophil counts were determinate after incubation for 10 days at 5°C. All microbial counts were converted to-10 logarithms of colony forming units per g (log CFU/g). = 0.5, pH 7.5) and centrifuged as mentioned earlier. This supernatant contained the myofibril fraction. Protein concentration was quantified as described by Bradford (1976) [28] .
Electrophoresis
Electrophoresis of protein fractions was analyzed on SDS-PAGE according to the method of Laemmli (1970) [29] . Protein separation was carried out by gel electrophoresis (sodium dodecyl sulfate-polyacrylamide gel electrophoresis) under reducing conditions, using a discontinuous gel containing 10% acrylamide.
Quantitative determination of polycyclic aromatic hydrocarbons
Polycyclic aromatic hydrocarbons were determined according to the UNEP/IOC/IAEA (1995) method [30] using a GC-MS (gas chromatograph coupled to a mass spectrometer). The hexane, dichloromethane (DCM) and methanol (MeOH) used were high-purity solvents (Burdick and brand Jackson). Anhydrous sodium sulphate (Na 2 SO 4 ), active aluminium oxide (90) and silica gel 60 for column chromatography used for cleaning were supplied by Fluka. A PAH standard mixture was provided by International Atomic Energy Agency (IAEA). Before treatment, thin-lipped grey mullet muscle samples, previously stored at -80 °C, were lyophilised and then hand-ground using mortar and pestle in liquid nitrogen. Sample comparisons were made with reference material (IAEA 406) for quality control purposes. More details were included in the method described by Bouzgarrou et al. (2015) [11] .
Statistical analyses
For each lot and at each sampling time, the results are presented as mean ± standard deviation (SD) of (n) fillets. The values relatives to the chemical composition of the fresh and smoked fillets at different times of storage were compared by one-way ANOVA. If significant differences (P < 0.05) between means were obtained, Tukey's honest significant test was used to differentiate between means. Statistics were performed using SPSS 20 software for windows (SPSS Inc., Chicago, IL, USA). The chemical values, as well as the respective perceptual changes through processing, were also explored by principal component analysis (PCA) [31] . This was done to visualise, and thus improve, the interpretation of the relative changes in chemical composition found in the different fillets. PCA was carried out by the multivariate statistical software (The Unscrambler version 9.8, CAMO Software AS, Oslo, Norway).
III. Results and discussions

Sensory analysis
Sensory evaluation is a crucial part in food development because it determines how consumers will react towards a new product. It is generally assumed that consumer prime consideration for selecting and eating a new food commodity is the product's palatability and quality, nutritional and wholesomeness attributes came in a second order [17] . The overall fish eating satisfaction can be attributed to five factors: flavor, odour, texture, juiciness and saltiness. Figure1 shows consumer overall acceptance with the intensity of a descriptive panel attribute (flavor intensity, odour intensity; texture intensity; juiciness intensity; degree of salting). Considering the sensory parameters the consumers have a better appreciation for the peculiar flavor and odour specific to smoking (Fig.1) , and the soft texture with an average juiciness. Regarding degree of salting, consumers appreciated better the moderately salty smoked product. As reported in other communities [32] ; moderately salted fish had better overall acceptance.
Monitoring proximate analysis variations in processed and stored mullets fillets
The variations of the proximate composition of raw, salted and smoked Liza ramada fillets during 60 days of refrigerated storage are summarised in Table 1 . Determination of moisture content is important considering the implication of such parameter in organoleptic and product preservation effects, but it is also considered an important criterion in labelling smoked product [33] . Initially, the mean moisture content measured in fresh fillets was lower (78.3 %) than values (80.7 -81.1 %) reported in other study for L. ramada [34] . Such difference may be related to a difference in the sampling season (summer vs winter, respectively), as moisture variation is affected by several factors including season. As expected, the salting and smoking process resulted in a significant decrease (P<0.05) of moisture content reaching value of 66.71±1.23 % following the smoking process. Throughout storage, moisture content remained unchanged up to 45 days and then decreased significantly towards the end of storage to reach 56.60%. Such change may reflect the limit of storage of the smoked fillets and may be used as a criterion to establish the shelf life of the product for about 45 days of refrigerated storage at 2°C. Results relative to ash variation (Table 1 ) showed significant differences (P<0.05) in ash content in fresh, salted and smoked fillet of Liza ramada. Due to the salting and smoking dehydrating effects, salt content was higher in the salted/smoked than in fresh fillets. Similar results were reported in other study [35] . Significant decrease in ash content was observed after 45 days of storage, indicating salt leaching Determination of potential health hazards and nutritional attributes of the fresh and smoked ..
www.iosrjournals.org 28 | Page with water as above mentioned. Comparatively to other study [34] , the initial lipid contents found in L. ramada fresh fillet was much higher in this study (0.47 vs 4.5 g/100, respectively). Such results are concordant with moisture data, as both parameters vary inversely. Following the salting step, lipid contents decreased significantly (P 0.05) in fish fillets as a consequence of the salt hydrolytic effect on lipids [36] . After smoking and throughout the storage period at 2°C, lipid content continued to decreased exponentially (R 2 = 0.98) (P 0.05) due to lipid oxidation as revealed by the concomitant exponential (R 2 = 0.88) increase of TBArs (Table  2 ). This finding is in accordance with those reported by Espe et al. 2002 [37] . The protein level (Table 1) found in the freshwater thin-lipped grey mullet fresh fillets (17.9g/100g) was in the range of values reported by Kalay, et al., (2008) [34] as in general, protein levels are not affected by seasonal change. After cold smoking, protein concentration increased slightly (18.84 ± 1.06 g/100g) as a result of loss of water content. During refrigerated storage, protein levels showed a significant decrease after 30 day of storage with a pronounced drop toward the end of storage (60 days) indicating an important deterioration of the smoked fillets.
Microbiological analysis
The changes in mesophilic and psychrophilic counts (MC and PC respectively) of thin-lipped grey mullet fillets as a function of treatment and storage time are shown in Fig. 2 (A-B respectively). The initial total viable counts as MC and PC in fillets were 3.89 and 3.57 log CFU/g respectively, indicating the good quality of processed fish fillet [38] . Salting induced a significant MC and PC increases, however smoking significantly (P < 0.05) reduced such counts. Our results are in agreement with other authors ( [39] , [40] ; [41] ; [42] ) who reported that smoking significantly (p˂0.05) reduced the total aerobic count to values much lower than that found in the corresponding fresh fish products. Such results are due to the antimicrobial effect of smoke polyphenols. During storage, a relative increase in microbial load of smoked product was observed, without however, reaching the upper limit of product rejection. Thus, smoking and refrigerate storage of cold smoked mullet resulted in a microbiological shelf life up to 60 days.
Biochemical parameters variations in fresh and smoked fillets 3.4.1. Trimethylamine and total volatile bases changes
The trimethylamine (TMA) and total volatile bases (TVB) variations during the smoking process and refrigerated storage are presented in Table 2 . Fresh thin-lipped grey mullet fillets showed initial low levels of TMA and TVB content (1.27±0.36 mg N/100 g and 9.96±0.74 mg N/100 g respectively) indicating the good quality of the product, These values are similar to initial values of the freshwater mullet M. cephalus reported in previous study [11] . However, these values are lower than values reported in other studies for marine M. cephalus [43] . This difference may be attributed to the origin of the fish as marine fish muscles contain higher amount of non-protein nitrogen [44] precursor of post-mortem TVB-N formation.
Following salting, TMA content remained unchanged (P0.05) whereas TVB levels decreased significantly (p < 0.05) -possibly due to the elimination of small volatile bases (i.e. methylamine and dimethylamine) during the washing step. Apart from its organoleptic trait, salting has a preservative effect as a consequence of the reduction of water activity [45] . After the smoking step and throughout refrigerated storage, both TMA-N and TVB levels ( Table 2) showed exponential increases (R 2 = 0.83 and 0.94 respectively). Such increases were caused by a combination of microbiological and autolytic deamination of amino acids and the microbial reduction of TMAO and other nitrogenous compounds to TMA [46] . In this study the TMA level (11.02 mg /100 g) reached the limit set by (Commission Regulation, EC-NO 2074/2005) at day 45. However TVB content remained lower than value the limits of TVB-N for fishery products in Commission Regulation (EC) NO 2074/2005, which was ranged between 25 to 35 milligrams of nitrogen/ 100grams of fish flesh. Therefore to ensure a maximum safety for consumer, a concentration of 15 mg TVB-N/100g can be proposed as the threshold indicating potential spoilage of smoked vacuum packed mullet fillet; limiting their shelf life to 45 days of storage at 2°C.
Thiobarbituric acid (TBA-rs) variation
The variation of the thiobarbituric acid index which measures the malondialdehyde (MDA), an endproduct of lipid oxidation [47] , is presented in Table 2 . The initial TBA-rs value (0.18 mg MDA/kg) in Liza ramada flesh was low indicating the good fish quality. Beside, such value is lower than the level of 0.469 MDA/kg reported for the fresh mullet Mugil cephalus [43] .
After salting, significant increase (p < 0.05) in TBA-rs value was observed in mullet fillets. This may indicate the oxidative decomposition at the double bonds of unsaturated fatty acids as significant drop of lipid was observed after salting (Table 1) . The pro-oxidant activity of salt is well established [48] , although it is commonly used for the preservation of meat and fish because of its withdrawal of free water, as well as it inhibiting action on enzymes and bacteria activity. Smoking in contrast, significantly (p<0.05) lowed TBA-rs Determination of potential health hazards and nutritional attributes of the fresh and smoked .. Table 2) . This fact can be attributed to the washing operation which eliminated the oxidation products and to the antioxidant activity of phenolic constituents of smoke deposited into the fillet as reported in other study [49] . Such effect is confirmed by the moderate, but significant (P<0.05) increase of the TBA-rs levels in smoked samples throughout the storage period. In concordance with the other studied indices, In conclusion and taking into account TMA index which attained first the onset of flesh deterioration, the value of 0.73 mg MDA/kg can be proposed as the threshold for the acceptability of smoked fish.
Determination of fatty acid composition
The fatty acid composition of the total lipids in fresh, salted and smoked fillet is presented in Table 4 . In fresh Liza ramada muscle, saturated fatty acids (SFAs; 48.59 %) represent the bulk of the total identified FA, followed by the monounsaturated (MUFAs; 24.08 %) and the polyunsaturated fatty acids (17.78 %). Although the mullet in this study is of freshwater origin, their fatty acid rankings are in accordance with the results found for marine mullet Liza aurata) caught in the summer from the Tunisian coast [50] . Within these groups, the major fatty acids were palmitic acid (C16:0 = 34.32%), palmitoleic acid (C16:1 w7 = 12.70 %) and oleic acid (C18:1w9 = 9.52 %). These results are slightly different with previous studies on fatty acids for marine mullet Liza ramada [50] . Such difference may be due to fish origin with different environmental conditions including salinity and temperature [51] . The sum of SFA of fish fillets increased following salting and decreased following cold-smoking, but wasn't affected by the storage period. On the other hand, MUFAs showed an important decrease in salted fish fillets following by an important increase after cold-smoking which may be due to the dehydrating effect caused by smoking. Considering the PUFA profile, the relative proportion (17.78%) in fresh thin-lipped grey mullet fillets was slightly lower than value (19.67%) found for Liza aurata [50] . The relative proportion of the n-3 fatty acids (7.86%) in fresh mullet fillets was lower than value found in marine mullet (Liza aurata) with values ranging between 14.47-21.84% measured during the same season. Whereas, the relative proportion of the n-6 fatty acids (7.67%) in fresh thin-lipped grey mullet fillets was significantly higher (6.04%) than value found in marine mullet (Liza aurata) which ranged between (3.56-3.2%) and slightly higher than value found by Bouzgarrou et al. (2015) [11] in freshwater mullet (6.04%). Such difference may be due to fish origin with different environmental conditions [51] . The content of polyunsaturated fatty acids n-3, DHA C22: 6n-3 is similar (0.70%) with value reported in previous study for freshwater mullet [11] , EPA C20:5n-3 meanwhile remains at fairly moderate (1.80±0.01 %). Similarly, Khitouni, et al. [50] reported a moderate level of EPA in fresh golden grey mullet captured in the summer. The sum of PUFA n-3 increased significantly from 7.86% to 10.67% following the salting step contrary to the sum of PUFA n-6 that underwent a decline. The step of salting has a conservative effect on fatty acids in the W3 series. Following smoking, EPA (1.8%) increased significantly (P < 0.05) to 3.3% in fillets and was accompanied by an increase in the concentration of DHA ( Table 4 ).
The effect of cold smoking on lipid stability appears towards the end of the refrigerated storage as revealed by stability of the sum of PUFA, MUFA and SFA in fillets. In contrast, during hot smoking PUFA degradation is significant and it is more pronounced for omega-3 [11] . Concerning lipid quality indices, IA and IT were proposed as nutritional indicator [52] . In this study, the IA and IT (Table 4 ) were found higher than values reported for freshwater mullet L. aurata [11] . These differences may be due to a difference in the sampling season but also to the ecological and physiological attributes of fish which significantly affect the lipid fatty acids composition. Following cold smoking, only IT index showed a significant drop and both indices remained stable throughout 60 days of storage. Such results suggest that thin-lipped grey mullet is less affected by smoking than other species such as shrimp [53] . Such results suggest that cold smoking have an important preservative effect on the lipid nutritional quality of thin-lipped grey mullet fillet.
Biogenic amines
Biogenic amines determination has both food safety and quality issues. The concentrations of biogenic amines in fresh, salted and smoked fillets of Liza ramada stored at 2 ± 1°C during 60 days are given in table 4. Low initial concentrations of biogenic amines were detected in fresh fillets of thin-lipped grey mullet. Agmatine is the dominant amine with a value of (27.35 mg/kg) followed by spermine (2.12 mg/kg) then histamine (1.425 mg/kg). No data are available on freshwater Liza ramada for a comparative study, however our values were similar to that reported in red mullet (Mullus barbatus) muscle with values of 25.8, 4.7 and 0.8 mg/kg for agmatine, spermine and histamine respectively [54] .
After cold smoking, the levels of agmatine and histamine significantly decreased with the appearance of cadaverine. Such change could be explained by the transformation of agmatine to cadaverine since agmatine may be used as a precursor of cadaverine [55] . Throughout refrigerated storage, agmatine and cadaverine increased to reach significant changes (P<0.05) after 45 days of cold storage. Such changes in biogenic amines contents could be due to autolytic reactions occurring in fish muscle ([56] ; [57] ). In the present study, Determination of potential health hazards and nutritional attributes of the fresh and smoked .. DOI: 10.9790/2402-1105042437 www.iosrjournals.org 30 | Page cadaverine values of smoked fillets reached 9.21 mg/kg towards the end of cold storage, but remained lower than limit established for salmonoids [58] . Taking in account the threshold for TMA level reached following 30 days of storage, a corresponding value of 5 mg/100g for cadaverine can be proposed as a limit for smoked thinlipped grey mullet.
Nucleotide catabolism
Postmortem degradation of adenosine 5'-triphosphate (ATP) in fish muscle occurs due to endogenousenzymatic activity. This degradation goes through the intermediate products adenosine 5'-diphosphate (ADP), and adenosine 5'-monophosphate (AMP), inosine 5' monophosphate (IMP), inosine (INS) and hypoxanthine (HPX) [59] . The adenosine nucleotides and their catabolites have been used as indicators of freshness in several species ([60] ; [61] ). The values Ki and G calculated from AMP, IMP, HxR and Hx concentration in fresh fillets, salted fillets and smoked fillets stored at 2±1°C during 60 days are represented in Figure 4 . These values have been proposed as quality index due the differences that species present in relation to mechanisms of degradation of nucleotides [62] . Ki value was suggested by Karube et al. [25] to replace K (Saito et al, 1959) [63] and does not take into consideration the degradation to IMP, because in some species this process occurs very fast impairing the identification of those compounds.
In fresh fillets, the Ki and G value were as average of 62% and 55%. This values is higher to Ki and G value in other species of mullet (Mugil platanus) reported by Da Costa Silva Andrade et al. (2014) [64] . These results are relation to the variation of initial nucleotide contents is associated with differences among species, season, catching year, and stress during fish death, water temperature, and the time between catch-slaughter and storage [65] . The high % of Ki and G value in fresh fish indicated a rapid degradation of ATP into IMP. After salting step the the Ki and G value increased significantly. This increase may be due to the salting effect. Thus, Reddi, (1972) [66] demonstrated that enzyme activity was inhibited strongly by the presence of salt with virtually no activity remaining after 25-hour incubation in the presence of 5% sodium chloride.
After the smoking step, levels of Ki and G did not show significant changes (P>0.05). After 30 days of storage, we noted a slightly increase of Ki value but G value remained stable indicating the preservation of quality of smoked fillets of thin-lipped grey mullet by cold smoking during 30 days of refrigerated storage. At the end of storage Ki and G value increased significantly (P < 0.05) reflecting the degradation of the smoked product.
Determination of protein profiles by SDS-PAGE
Changes in electrophoretic profiles of sarcoplasmic protein (SPP) and myofibrillar protein (MFP) of fresh, 30 and 60 days-stored/smoked fillet are shown respectively in Figure 3 (A-B) . Sarcoplasmic proteins are mostly hydrolases; this fraction includes proteases. When muscle is thawed, they are released and activated. They may hydrolyze peptide band of major muscle proteins (myofibrillar fraction), thus affecting the tridimensional structure. After SDS-PAGE separation, SPP extracts of fresh fillets thin-lipped grey mullet (Fig.  3A) (P1, P2) contained 15 principal bands with a relative molecular weight of 108, 102. 3, 95.4, 78, 67.6, 52.6, 50, 47.8, 45, 36, 31, 27, 19, 14.4, 10.7. Electrophoregram of SSP extract of fresh and smoked fillet (P3, P4) of thin-lipped grey mullet showed small changes between the two fillets. These changes consist to disappearance of bands of high molecular weight (1, 2, 3, 4) indicating the degradation of these proteins. At the same time an intensification of the band (14) and apparition of the band (A) with the relative molecular weight (20.4 Kda) probably due to accumulation of degradation products of proteins of higher molecular weight.
Comparison of SPP profile among smoked fillets just after cold smoking (P3, P4) and after 1month of refrigerated storage (P5) did not show evident differences between both smoked fillets. In general terms, no substantial changes were observed in the SSP extract profiles of smoked thin-lipped grey mullet fillets as a consequence of 30 days of storage at 2±1°C.
However after 60 days, electrophoregram of SSP extract (P6) showed the decrease of bands density of smoked fillets indicating the onset of product degradation. At the same time an intensification of the band of lower molecular weight indicated the accumulation of protein degradation products. MFP extracts of fresh fillets thin-lipped grey mullet ( Fig. 3B ) (P1, P2) contained 9 principal bands after SDS-PAGE separation with a relative molecular weight of 109.1, 108, 78, 66.2, 45, 42, 32, 18 and 16 kDa. These bands of 108, 42, 32, 18 and 16 kDa were tentatively identified as myosin heavy chain (MHC), α-actinin (α-ACN), actin (AC), tropomyosin (TMP) and myosin light chains (MLC) respectively [67] .
The current study divulged small changes after cold smoking in 108-78-kDa area indicating the degradation of these proteins that concurred relatively with the smoking procedure. In parallel apparition of bands (a, b, c, d, e) corresponding to proteins with respective molecular weight (61.65, 55, 39.8, 28.8, 8.12) in the profiles (3) and (4) . Lund and Nielsen (2001) [68] studied changes in myofibrillar proteins from smoked Determination of potential health hazards and nutritional attributes of the fresh and smoked .. DOI: 10.9790/2402-1105042437 www.iosrjournals.org 31 | Page salmon after different storage periods, using SDS-PAGE, observed also that several bands appeared or increased in intensity in the 150-43 kDa range. The disappearance of the MHC band and no change in the actin band indicates proteolysis of large cytoskeletal proteins, with molecular weights too large to be detected on the gel. The apparition of protein of 55 kDa (band a) identified by desmin, was known as calpain substrate, activation of calpain might explain breakdown of this myofibrillar protein which, in turn, may influence muscle-LHC [69] . Some of the changes seen in the smoked fillet may be due to salt effect. It has been shown that the conformation of the myofibrillar proteins may change as a result of increased salt content in the muscle, making the proteins more susceptible to be attacked by endogenous proteases [70] .
After 30 days of-storage we noted disappearance of band (3) . This indicates the initiation protein degradation. A pronounced degradation was noticed with storage time leading to the disappearance of bands (3) and (6) probably due to enzymatic proteolysis of the myofibrillar proteins causing structure disruption and postmortem softening as reported in other studies [71] . This finding supports the explanation related to biogenic amines increase following 30 days of storage.
In conclusion, the smoking process increased the formation of the degradation products, but did not change the cleavage pattern and increased the activity of muscle proteases. This result is in accordance with result of Hultmann, (2003) [70] .
Quantitative evaluation of polycyclic aromatic hydrocarbons in fresh and smoked flesh
The contents of PAHs compounds in fresh and smoked fillet of thin-lipped grey mullet are presented in Table 5 . Freshwater Liza ramada presented very low concentration (0.78 µg.kg -1 ) of PAHs in fresh fillets. The previous study of Bouzgarrou et al. [11] has also reported low PAHs levels (0.82 µg.kg -1 ) in the freshwater mullet fillets (Mugil cephalus). Such results suggest the absence of contamination with PAHs in the freshwater fish reared in this barrage.
In smoked fillets, the amounts of the low molecular weight PAHs such as naphthalene, acenaphthylene, acenaphthene, pyrene, fluorene, cadalene, phenanthrene, anthracene, fluranthene, pyrene were found higher than the high molecular weight PAHs such as benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(g,h,i)perylene. Moret and Conte [72] was reported that the PAHs with higher molecular weight are more carcinogenic than the lower molecular weight PAHs. As found in liquid smoking procedure [73] ; cold smoking as performed in the present study, did not induce contamination with carcinogenic PAHs such as BP, which may arise during smoking. Chrysène, considered less dangerous than benzo[a]pyrène, was not detected in smoked fillet of thinlipped grey mullet. The sum of the 4 PAHs (chrysene, benzo[b]fluoranthene, benz[a]anthracene and BaP) of cold smoked thin-lipped grey mullet was 0.47 µg/kg -1 . This value was far below the maximum limit (12 µg.kg -1 ) fixed by the European Commission (EC 2011) [74] for smoked fish. The above results are in agreement with previous study related to smoked freshwater fish realised in our laboratory [11] .
3.5.
Principal component analysis A PCA analysis was performed in order to examine the influences of the smoking procedure and storage time on the potential interrelations of fish fillets quality parameters including TVB-N, TMA-N, TBA-rs, lipids, SFA, MUFA, PUFA, AGM, CAD, HIS, SPM, ATP, ADP, AMP, IMP, INO and HPX.
Two principal components (PCs) were found to explain 96% of the variations in the dataset. The scores and loadings of PC1 and PC2, representing 66% and 30% of the total variation, are given in Figure 4 . Along the PC1 axis we note that cold smoking treatment was negatively correlated with TBA-rs and agmatine, while storage time was positively correlated with nitrogenous indicators including TVB, TMA and hypoxantine. Along the PC2 axis, we observed that cold smoking is in the positive side while the moisture, lipids, fatty acids (MUFA, PUFA, w6, w3), ATP, ADP, AMP and IMP are in the negative side. Accordingly, we suggest that cold smoking maintained the preservation of fish fillets by preserving the lipids and fatty acids specially PUFA (w3 and w6) degradation. In general, results suggest that smoking preserved fish fillet by delaying lipid oxidation, as reflected by the decreased level of TBA-rs, and by inhibiting bacterial growth as reflected by the reduced the production of nitrogenous compounds.
IV. Conclusions
The nutritional values of fresh and smoked fillets of the mullet Liza ramada were established in this study. Such newly generated data constitute the building blocks of nutritional and epidemiological information, and are essential not only to nutritionist who try to influence food consumption into more attractive way, but also to food marketers who will use it as a tool in product differentiation. Cold smoking enhanced the physicochemical and sensorial attributes of one of the cheapest and most available inland freshwater fish. Smoked mullets can be consumed up to 30 days of cold storage (< 4°C), it can also represent a variety in the diet with an important source of protein and vital micronutrients. Table 2 : Freshwater mullet (Liza ramada): Changes in total volatile bases (TVB-N), Trimethylamine (TMA-N), Thiobarbutric acid (TBA) of fresh, salted and salted/cold smoked fillets at different periods of refrigerated storage. Data are mean ± standard deviation (n = 6 in each case). Means within the same row with different superscript are significantly different (p < 0.05). 
